Infraorbital nerve (ION) transection in neonatal rats leads to disruption of whisker-20 specific neural patterns (barrelettes), conversion of functional synapses into silent 21 synapses and reactive gliosis in the brainstem trigeminal principal nucleus (PrV). Here 22 we tested the hypothesis that neonatal peripheral nerve crush injuries permit better 23 functional recovery of associated central nervous system synaptic circuitry compared to 24 nerve transection. We developed an in vitro whisker pad-trigeminal ganglion (TG)-25 brainstem preparation in neonatal rats and tested functional recovery in the PrV following 26 ION crush. Intracellular recordings revealed that 68% of TG cells innervate the whisker 27 pad. We used the proportion of whisker pad-innervating TG cells as an index of ION 28 function. The ION function was blocked by ~64%, immediately after mechanical crush, 29 then it recovered beginning after 3 days post-injury and was complete by 7 days. We used 30 this reversible nerve-injury model to study peripheral nerve injury-induced CNS synaptic 31 plasticity. In the PrV, the incidence of silent synapses increased to ~3.5 times of control 32 value by 2-3 days post-injury and decreased to control levels by 5-7 days post-injury.
INTRODUCTION
Peripheral nerve injuries are common in neonates and children, but relatively few studies 43 have focused on long-lasting effects on structural and functional development of the Intracellular recording from TG cells. We performed intracellular recordings from 140 TG cells in TG pathway preparations from P0 to P9 pups (n= 14) that have undergone P0 were anesthetized with Isoflurane and euthanized by decapitation at various time points 150 between P2 to P7 (n = 26). The brainstem was removed and immersed in cold (4ºC) 151 sucrose-based ACSF (in mM: Sucrose, 234; KCl, 2.5; NaH 2 PO 4 , 1.25; MgSO 4 , 10; 152 NaHCO 3 , 24; glucose, 11; CaCl 2 , 0.5) bubbled with 95% O 2 and 5% CO 2 (pH=7.4). 153 The brainstem was then embedded in 2% agar and cut into 400 µm thick transverse 154 sections with a vibratome (Campden 7000smz) in the sucrose-based ACSF at 4°C. Slices containing the PrV were selected under a dissecting microscope; the sham and ION 156 crushed side of each slice was marked. After 1 hr incubation in normal ACSF at 34ºC, the 157 slices were stored at room temperature. For recording, each slice was transferred into a 158 submerged-type recording chamber (27L, Warner Ins.) and continuously perfused (>2 159 ml/min) with normal ACSF at room temperature. During electrophysiological recording, 160 50 µM picrotoxin was added into the ACSF to block GABAergic responses. Test for silent synapses. We first voltage-clamped neurons at +60 mV. We 181 stimulated the TrV by 60 pulses at 0.2 Hz. Stimulus intensity was adjusted to around 182 threshold, so that some trials failed to evoke EPSCs. Then we clamped the neurons at -70 183 mV to investigate changes in failure rate between the two membrane potentials. We 184 measured the amplitude of EPSCs at +60 mV 30 ms after stimulus where NMDA 185 receptor-mediated EPSCs reach their peak. The amplitude of EPSCs at -70 mV was 186 measured at 8 ms after stimulus (the peak of AMPA receptor-mediated EPSCs, Lo and 187 Zhao 2011). The peak amplitude less than two times of noise standard deviation (S.D.) 
RESULTS

257
Classification of TG cells. We found that biphasic (hyperpolarizing-depolarizing) 258 electrical pulse (±0.7 nA) is more effective than monophasic depolarizing pulse for 259 inducing action potential (AP) in TG cells. Unlike monophasic depolarizing pulses, with 260 biphasic pulses the membrane is hyperpolarized first and then depolarized, so that the 261 amplitude of the membrane potential change is two-folds larger than monophasic 262 depolarization. In addition, some ion channels (for example T-type Ca 2+ channels) are 263 inactivated at resting membrane potential. Preceding hyperpolarization releases the 264 inactivation (also called de-inactivation), and depolarization activates them. classified as F-type and S-type according to the shape and duration of the AP and after 267 hyperpolarization (AHP). F-type cells showed a narrow AP without a "hump" in the AP repolarization phase and a narrow AHP ( Fig. 2 A) while S-type cells showed a wide AP 269 and AHP with a marked inflection (hump) in the AP repolarization phase (Fig. 2 B) . The indicates that the AP originated from peripheral branch of TG axon (ION) rather than 286 from current spread to the cell body in the TG. 287 We plotted the latencies of both cell types against postnatal days up to P9 (Fig. 3 C) .
288
There was no developmental change in the latencies (linear regression R=0.40, p>0.43) 289 of ION fibers between P2 to P9. We pooled latencies from all time points to get averaged 290 latency for the two types of cells. The averaged latency for F-type cells was 1.59±0.25 291 ms, while that of S-type cells was 1.65±0.22 (Fig. 3 D) , which is about the same as F-292 type cells (p=0.086). Therefore, the conduction velocity of peripheral branch of both F-293 type and S-type TG cells is about the same. This conclusion was further supported by the 294 fact that the latencies from both types of cells were overlapped at each time point ( Fig. 3 induced APs in only 25% recorded cells (n=20) that was significantly lower than the 312 normal TG (p<0.005), suggesting that ~64% ION fibers were blocked. The proportion of 313 responded TG cells increased to 38% 3 days after the crush (n=21) that was not 314 significantly difference from immediately after ION crush (p>0.30). At post-injury day 5, 315 54% recorded TG cells (n=25) innervated whisker pad, which was significantly higher 316 than that of post-injury day 0 (p<0.03), suggesting that the conduction function of ION 317 recovered to ~78%. At post-injury day 7, 80% of recorded cells (n=20) responded to the 318 stimulation of the distal ION, which did not differ from the normal TG (p>0.40). We 319 interpret this as complete (100%) functional recovery of ION (Fig. 4 B) . In the next series Here we tested for the incidence of silent synapses following nerve crush. In normal PrV, 331 only 20% cells (n=10) reveal silent synapses with higher failure rate at -70 mV than that 332 at +60 mV ( Fig. 5 C, donated by stars) . The incidence of silent synapses increased to 333 69% (n=13, Fig. 5 D) 2-3 days after ION crush, that was ~3.5 times of the control 334 (p<0.02, Fig. 5 F) . At post-injury day 5-7, the incidence of silent synapses dropped to P3 and P10 (Fig. 6 B, D, F, H ) . These observations confirm previous reports that Reaction of astrocytes and microglia to ION crush and functional recovery. 362 Previously, we showed that neonatal ION transection leads to significant gliosis in the Fig. 7 M-P) . In sham-operated side astrocyte processes showed increased complexity 372 from P3 to P10 (Fig. 7 I, K) and this was confirmed with quantitative analyses (Fig. 7 M, 
373
N). At P3, nerve crushed side showed highly arborized astrocyte processes (Fig. 7 J) and 374 quantitative analyses showed significant increase in astrocyte process complexity ( Fig. 7 375 M, N). However, this difference was no longer evident at P10 when functional recovery 376 has taken place ( Fig. 7 M, N) . At P3, the PrV on the nerve crushed side had a 377 dramatically increased GFAP-positive astrocyte numbers and immunostaining intensity 378 compared to controls and also in comparison to P10 (Fig. 7 O, P) . 379 Figure 8 illustrates our findings with Iba-1 immunostaining of microglia. As with 380 astrocytes, we saw a pronounced increase in the numbers of microglia in the PrV on the 381 nerve crushed side compared to sham-operated side ( Fig. 8 A-D) . This was notable at P3 382 but no longer evident by P10 ( Fig. 8 E-H) . There is also a marked change in the 383 morphology of microglia between P3 and P10. Early on, microglia have rotund cell 384 bodies and few lamellar processes (Fig. 8 I) . At P10 characteristic sentient appearance of 385 microglia is evident with ramified processes (Fig. 8 L) . On the nerve-crushed side, 386 microglia in the ventral PrV had larger cell bodies in addition to increased numbers ( Fig.   387 8 J, M, N) compared to sham-operated side at P3. No difference was observed in these 388 parameters between the two sides on P10 ( Fig. 8 K, L. M, N) . 
